Reproductive performance was evaluated on lines of rats selected 34 generations for up (U) and down (D) 3-to 9-wk weight gain and from a control (C). Direct response to 3-to 9-wk weight gain was 16% in U and -8% in D lines. Inbreeding was similar among lines. Both selection lines were poorer in percentage of fertile pairs than the C line, especially so in D (P<.10). The lines differed (P<.05) in litter size born with means of 11.4, 10.4 and 9.6 for U, C and D, respectively. The significant positive correlated response in litter size corresponded to that expected from intraline association with female body weight. Selection for increased postweaning gain resulted in 5% earlier age but little change in weight at vaginal opening. The D line was similar to C in age, but 7% lighter in weight at vaginal opening. The U line was significantly higher (14, 12 and 69%) for ovulation rate, number of fetuses and post-implantation losses, but not for pre-implantation losses. The D females were similar to C females in all components of litter size. Males of all lines were similar in age at first mating, but U males were 22% heavier than C males in weight at first mating. A positive correlated response in weight of testes at 91 d of age disappeared when adjusted for intraline association with body weight.
I ntroduction
The reproductive performance of animals selected for body weight or postweaning gain has been a matter of concern since the first of such selection experiments (MacArthur, 1944; Fowler and Edwards, 1960; Eisen et al., 1973; Allrich et al., 1981) . For example, the usefulness of selection for increased postweaning gain may be limited if changes in body size are associated with undesirable changes in reproductive traits, as has been suggested by Roberts (1979 Received August 26, 1985 . Accepted January 15, 1986 between litter size and body weight has been reported by Fowler and Edwards (1960) , Rahnefeld et al. (1966) , Hanrahan and Eisen (1974) and Eisen (1978) . It is interesting to note, however, that neither Bradford (1971) nor LaSalle et al. (1974) observed a significant response in litter size from selection for postweaning gain. This lack of agreement might be clarified if components of litter size were evaluated in lines selected for postweaning growth. The present study was designed to evaluate the changes in reproductive performance that occurred after long-term selection for either high or low 3-to 9-wk postweaning gain in a population of rats. Companion papers report the correlated responses in feed utilization, body composition and maternal performance (Rios et al., 1986a,b) .
Materials and Methods
Genetic Stock. The genetic stocks consisted of Fl rats produced from reciprocal crosses between two replicates of the up (U), down (D) and control (C) lines previously selected 34 generations for 3-to 9-wk gain in body weight 46 J. Anim. Sci. 1986.63:46--53 at the University of Wisconsin (Baker et al., 1975; A. B. Chapman, personal communication) . Females of the F1 generation were mated to non-sib F1 males of the same selection stock at an average age of 12 wk. Males were left with females until pregnancy was detected by palpation. Pregnant females were transferred to nursery cages. A total of 51 U, 45 C and 50 D replicate-cross litters was produced. At birth, litter size was recorded and pups were identified. Within the first 5 d, litter size was standardized to eight pups (four males and four females, when possible). Dams with less than eight pups were augmented with fostered young, which were subsequently discarded at weaning. The main reason for standardization was to equalize the effect of litter size in the preweaning environment. Nelson and Robison (1976) found that mice raised in small litters matured earlier and at a heavier weight so that age at sexual maturity was negatively associated with weight. Females from small litters also had earlier ages at vaginal opening and larger numbers of corpora lutea.
Management Procedure and Data Recording.
The F2 generation rats were weaned, individually weighed, identified and sorted to their respective treatment groups at 21 d of age. Female (male) weanling rats were housed either in like-sex pairs with one unrelated female (male) of the same cross, or in unlike-sex pairs with one unrelated male (female) of similar age. These sex groupings were maintained until mating or autopsy. All females were checked daily for vaginal opening, starting at 25 d of age. Vaginal opening was used in the present study to measure onset of puberty, although it is recognized that vaginal opening in the rat does not always reflect the occurrence of puberty (first estrus and ovulation). Unlike-sex pairs were kept together until a positive sperm smear or a vaginal plug was observed in the female, or until termination of the experiment. The first observed presence of spermatozoa in the vaginal smear was interpreted as the first spontaneous mating for the male and beginning of pregnancy for the female.
Another set of matings was initiated at 70 d of age by housing like-sex, paired F: females individually with unrelated F 2 like-sex, paired males of the same selection line. A positive sperm vaginal smear again was used to indicate mating.
Both like-sex and unlike-sex groups of females were sacrificed at 17 to 18 d of gestation, and ovulation rate (measured as number of corpora lutea), number of fetuses in utero, resorptions, pre-and post-implantation losses were recorded. Pre-implantation loss was Statistical Analysis. The data were analyzed by least-squares analysis of variance procedures for unequal subclass numbers. In the first generation (F]) matings, the effect of line on days from pairing to littering, litter size born and perinatal mortality was evaluated. Covariates, when statistically significant, were added to the model for specific traits. Proportion of fertile mating pairs was analyzed by chi-square tests (Steel and Torrie, 1980) . Data on traits measured for the F2 generation, such as age and weight at vaginal opening, ovulation rate, pre-and post-implantation losses in the female, as well as age and weight at first spontaneous mating, slaughter and testis weight in the males, were also analyzed by leastsquares methods. The statistical model included the fixed effects of line, groups (like and unlike-sex housing), line x group interaction, and random effect of litter within line (error term for line) and group x litter within line (error term for group and line x group interaction). Least-squares means were compared using a least significant difference test (Steel and Torrie, 1980) .
Results and Discussion
Fertility and Litter Size. Means for traits measured on the F~ generation animals are presented in table 1. The proportion of females that littered out of the total paired with males, and the interval between pairing and arrival of the subsequent litter, were used to measure fertility 9 Percentage of mating pairs that produced litters after a 3-wk period of mating was relatively low, (68 to 82%) and was higher (P<.10) in C than in either U or D females 9 Apparently the reciprocal crossing of replicate sublines did not cause remarkable recovery from inbreeding depression of fertility because the selection lines were poorer than the control in fertility 9 The lower fertility in the D line also may be due to the deviation from an optimum body weight 9
If females conceive during the first estrous Evidently, D females became pregnant early after pairing with males or not at all. Length of the estrous cycle was not observed in this study, but it is possible that longer estrous cycles for U and C females were partly responsible for their longer intervals. Since pairings were at approximately 12 wk of age, age at puberty should not be a source of variation in date of conception. Azzam et al. (1983) found no difference in interval between pairing and birth of first litter (about 24 d), but did find a longer interval at second and third parities in rats selected for rapid postw.eaning lean gain than in control rats. Fowler and Edwards (1960) have shown that selection for either increased or decreased 6-wk weight in mice had some effect on the length of the estrous cycle. However, the same authors have concluded that males were responsible for delaying the arrival of the first litter, at least in a strain of mice selected for large body weight. The design of the present experiment did not allow separation of male and female contributions.
Total number of rats born alive followed the same pattern as the direct response from 3-to 9-wk gain. The U and D litters differed by 1.0 and -.8 pups, respectively, from control litters (P<.05). Covariate adjustment for the intraline association with body weight at mating reduced the number of pups in U litters and increased those in D litters to the level of control litters. Azzam et al. (1983) , using a diallel design, found positive direct effects but negative maternal effects on litter size in lines of rats selected for faster lean gain or for more efficient lean gain, as compared to their control line. A positive correlated response in litter size among lines of mice selected for growth also has been reported by Rahnefeld et al. (1966) , Wilson et al. (1971) , Hanrahan and Eisen (1974) and Eisen (1978) . There is evidence that the correlated response in litter size following selection for body weight arises from changes in ovulation rate in the same direction as body weight (Durrant et al., 1980) . A possible physiological explanation for changes in ovulation rate is discussed later on in the paper.
Perinatal mortality was nonsignificantly higher in the control rats than in either the U or D rats.
Puberty. The response of female rats in age and weight at vaginal opening to selection for postweaning gain, an d the effect of sex grouping during development are presented in table 2. Selection for increased 3-to 9-wk gain (U) resulted in 3-d earlier age at vaginal opening in only the like-sex grouping, but there was no change in weight at vaginal opening in either sex grouping. Females in the D line reached puberty at the same age, but at a lighter weight (P<.05) than controls in both sex groupings. Results in the literature are conflicting concerning the relationship between body weight and sexual maturation in the mouse and the rat. While Crane et al. (1972) and Synenki et al. (1972) noted a positive correlated response between weight at vaginal opening and body weight in mice, Norris and Adams (1979) and Allrich et al. (1981) reported that accelerated growth in rats was not correlated with accelerated sexual maturation. Results in the present study suggest a differential correlated response between selected populations for these traits. Body weight in upward-selected rats CDifferent from control (P<.01).
appeared to be the most important factor in determining the attainment of puberty, because faster-growing females took fewer days to reach the "minimum weight" at which puberty was attained. On the other hand, age rather than weight appeared to be the determining factor for vaginal opening in rats selected for decreased 3-to 9-wk gain.
Neither sex grouping nor interaction of line with sex grouping was important in determining age or weight at vaginal opening in the present study. Rutledge et al. (1974) , working with a stock similar to the C lines used in the present study, reported that age at vaginal opening was unaffected by the presence of a mature male, and concluded that Vandenberg's (1969) hypothesis concerning the acceleration of puberty of the female mouse by the presence of a mature male could not be extended to the rat. In this study, the presence of the male had no effect. However the fact that only young and immature males were used in the unlike-sex group precludes any conclusive statement about the effect of the presence of the male on expression of female puberty.
Age of males at first spontaneous mating was similar in all lines and averaged 64.3 d (table 3) . The U males were 22% heavier (P<.01) at this age than the C males, but D and C males were similar in weight. These results, as well as similar results reported by Allrich et al. (1981) , suggest that age at first spontaneous mating was influenced very little by selection for postweaning gain. It also suggests that age is more important than weight in determining the onset of mating ability of male rats. Age at first spontaneous mating should not be interpreted here as a precise estimation of onset of puberty in males, but only as an indicator of initial desire or ability to mate.
Weight of Testes. Body and testes weights
were recorded when all males were sacrificed at 91 d of age. Least-squares means of these traits are shown in table 4. Selection for faster postweaning gain was accompanied by about 16% heavier body and 6% heavier testes weights, but D males averaged only 3% lighter in both. When testes weight was adjusted by covariance for body weight, line differences disappeared. Sex grouping during rearing had no significant influence on either body or testes weights. Johnson and Eisen (1975) reported an increase in weight of testes following selection for postweaning gain in mice. However, when they expressed testes per gram of body weight, [-, the ranking between selected and control lines was reversed. Allrich et al. (1981) reported a decrease in testes weight, independent of body weight in lines selected for efficiency of lean growth. However, they found that this reduced testes weight did not influence fertility. In the present study, males were monogamously mated. A more elaborate design would be required to determine the effects on male reproduction associated with selection for postweaning gain. respectively, relative to C litters. However, D and control litters were similar in all components of litter size. Land (1970) and Bradford (1971) reported an increase in ovulation rate following selection for faster postweaning gain in mice. These and other reports (Fowler and Edwards, 1968; Durrant et al., 1980 ) suggest a positive correlated response between body weight and ovulation rate. Increased ovarian responsiveness to gonadotrophins, higher levels of circulating gonadotrophins and(or) less sensitivity to feedback of ovarian steroids on hypothalamohypophyseal axis have been suggested as possible explanations for the increase in ovulation rate following selection for faster postweaning growth in mice (Land, 1970; Bogdanova et al., 1975; Durrant et al., 1980) . Bradford (1971) indicated that although ovulation rate increased in lines selected for faster postweaning gain in mice, litter size remained unchanged because higher pre-and post-implantation losses occurred. Allrich et al. (1981) , however, failed to detect any significant change in ovulation rate or embryonic losses, following selection for either postweaning rate or efficiency of lean growth in rats. Results obtained in the present study with rats are consistent with reported relationships for mice.
Females reared in like-sex groupings exceeded (P<.05) those reared in unlike-sex groupings in number of fetuses (1.0 fetus), mainly because of the .8 higher (P<.05) preimplantation loss of the latter. The 2-wk older age at mating (because females and males were not paired until 70 d of age) for the like-sex paired females could be responsible for these results. Neither rearing group nor group • line interaction significantly affected post-implantation loss, but U litters were consistently (P<.05) higher and the D litters lower than controls for post-implantation loss in both sex groupings.
Conclusions
Positive correlated responses in ovulation rate and litter size were nearly proportional to selection responses in body size of females. Post-implantation losses were higher in the U than C line, Age at puberty, as estimated by age at vaginal opening, was weight-dependent in the U females and age-dependent in the D females, so that U females reached puberty earlier at the same weight as C females, but D females at the same age and a lighter weight. In males, selection had remarkably little effect on age at first mating. Weight of testes differed between the lines, but these differences disappeared when adjusted to a constant body weight.
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